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INTRODUCTION 
Feeding seven billion people on earth through agriculture in an environmentally 
sustainable manner has posed a major problem. Based on the current demographic 
trend, the world population is projected to reach 9.4 billion by 2050 and Indian 
population 1.5 billion. Though living resources are self-renewable, they have to be 
utilised rationally on a sustainable basis in harmony with the environment. Hence, 
scientists all over the world are exploring the possibility of using water as a major 
source of food production (www.naasindia.org). Fish can make a unique contribution 
to improve and diversify dietary intake and promote nutritional well-being among 
most population groups. More than a billion people in the world rely on fish as a 
primary source of protein and 200 million depend on fishing for livelihood (James. 
2008). Over the last four decades, the aquatic system of the globe has undergone rapid 
transition. Worldwide per capita fish consumption nearly doubled from about 8 kg in 
the early 1950s to 15.8 kg in 2006. World fishery production will likely be around 
150 million tonnes by 2010 as compared with an estimated 145 million tonnes 
production in 2007. Estimated quantities which will be available for human 
consumption range between 74 milHon tonnes and 114 million tonnes. Most of the 
increase in fish production is expected to come fi-om aquaculture, which is growing 
rapidly. The contribution Irom capture fisheries will depend on some further 
development and also on the effectiveness of fishery management. Improved 
management of currently overfished stocks could provide an increase of between 5 
and 10 million tonnes, whereas continued overfishing will lead to declining 
production (www.fao.org/fi/highligh/2010.asp). Global capture fisheries production in 
2006 was about 92 million tonnes, comprising about 82 million tonnes from marine 
waters and a record 10 million tonnes from inland waters (SOFIA, 2008). 
Fisheries, a sunrise sector in India, has recorded faster growth than any 
other agriculture and allied sectors in the post-independent India (Sinha, 2008). Inland 
fisheries resources of India in terms of area are vast. The Ganga and Brahmaputra 
river systems along with their tributaries measure 16,523 km in length. Mahanadi, 
Godavari, Krishna and Cauvery in the peninsular region have a combined length of 
6,437 km. The west flowing rivers Narmada and Tapti and the smaller drainages of 
the Western Ghats measure about 3,380 km. All these rivers together support a large 
network of over 1,20,000 km of man-made irrigation canals. 20,000 small, 200 
medium, and 60 large reservoirs, encompassing an area of over 3,200,000 hactare and 
many more in the oflTmg. India have over 72,000 hactare of coldwater lakes m the 
upland areas. All these water bodies, together with the large stretches of estuaries, 
mangroves, backwaters and brackish water lagoons (6,000,000 hactare), estuaries 
wetlands (50,000 hactare), brackish water aquaculture areas (9,02,000 hactare) and 
freshwater ponds (over 8,00,000 hactare) offer a wide spectrum of diverse habitats for 
inland fisheries and aquaculture development in the country. 
Our inland waters are well known for their diversity of bio-wealth. Together 
they harbour about 12% of all the fin and shell fish species known. The Ganga and 
the Brahmaputra river systems in particular are renowned for their bounty of fish 
fauna, both in terms of variety and richness. The Ganga is the original home of the 
prized Indian major carps (Catla catla, Inheo rohita, Cirrhimis mrigala and Ixiheo 
calhasu), mahseers, snow trouts {Schizothorax spp), the hilsa {Temialosa ilisha), 
several economically important catfishes {Myshis seenghala, Mystus aor, Clarias 
hatrachm, Wallago aitu, Silonia silondia, Pangasius pangasim, Ompok himaciilahis, 
etc.), to mention only a few. Many fish species are acclaimed for their intrinsic 
qualities such as fast growth rate, hardiness and flavour and are highly rated as 
delicacies (Ayyar, 2008). Rivers serve as primary habitat for the original germplasm 
of Indian fishes. Riverine fisheries are considered to generate yields below 
subsistence level. The development of riverine fisheries is at a critical point. The 
present-day riverine fishery yield is low, with an average yield of 0.3 tonne per km, 
which is only 15 percent of the estimated potential. Catch statistics over many years 
indicate a declining trend for riverine catches, both in quantitative and qualitative 
terms. In case of the Indian rivers, floodplain lakes and wetlands, degradation and loss 
of habitat are rapidly increasing. With respect to the environmental status of the 
rivers, the enhancement of fish yield appears to be a distant possibility. The multiple 
uses of these resources make the implementation of ameliorative measures difficult. 
Evidently, conserving the germplasm in an open water regime is more purpose fill 
than efforts to increase yield, because biodiversity could at least be preserved, 
particularly the fish fauna. Irrational forms of exploitation can endanger the delicate 
balance of a fragile inland fishery ecosystem. Large scale abstraction of waters Irom 
the rivers, construction of dams, weirs and barrages across them, discharge of 
agricultural runoff and industrial and sewage effluents, the general environmental 
degradation of various open inland water bodies and salinity imbalances are the major 
anthropogenic constraints of inland fisheries development. All these entail severe 
stress on the fish stock. Such negative changes, if they exceed the threshold levels, 
will irreparably damage the flora, fauna and fisheries of the aquatic system (Tietze et 
al., 2007). The aquatic resources and their biological diversity are the country's 
national wealth and the conservation of the precious aquatic germplasm with 
prescience and vision is our bounden duty to posterity (Ayyar, 2008). 
Sustainable development of fisheries and aquaculture that would meet 
the growing demand of food and nutritional needs of worlds teeming masses already 
constrained by the production hmits of capture fisheries is now threatened by global 
warming as a consequence of mainly unsustainable industrial developments. 
Sustainable development would conserve land, water, plant and animal resources and 
would be environmentally non-degrading, technically appropriate, economically 
viable and socially acceptable, the management and conservation of natural resource 
base and the orientation of technological and institutional change should ensure the 
attainment and continued satisfaction of human needs for present and future 
generations (Kutty, 2008). 
Studies on fish biology particularly morphometry, length-weight relationship, 
condition factor, reproduction, food and feeding habit, etc. are important not only to 
provide additional information to the existing knowledge but also in the utility of the 
knowledge in increasing the technological efficiencies of the fishery entrepreneurs for 
evolving judicious fisheries and aquaculture management. There are many isolated 
disciplines in fish biology, of which the study of morphology is inseparably related to 
the study of mode of life of the organism. It fact, the size and shape are fiindamental 
to the analysis of variation in living organisms and morphological variations even in 
the same species most often related to the varied enviromnental factors 
(www.bieap.gov.in/fishbiologyecology). The effective management of fish 
populations requires knowledge of the growth rate of the fish. This requires 
determination of the age offish to develop a relationship between the size and age of 
fish. For an inventory, this information provides insights to evaluate the potential 
effect of harvesting on the population and to monitor the health of a population that 
may be affected by developments that affect fish habitat. 
Fish age determination is an important tool in fishery biology especially 
for the assessment of life history, growth rate, age at first maturity and 
population dynamics. Knowledge on these aspects has important and useftil 
applications in fisheries resource management. Different methods have been 
employed for the determination of fish age. Amongst all the methods, the 
mark-release-recapture method is considered as the most accurate but its 
application is limited in fisheries due to a number of constraints such as time 
and money. Another method of fish age determination is based on analysis of 
length fi-equency data. This method is useM for fish which breed only once 
in a year but it cannot be used to determine the age of an individual fish. For 
this method sample consists of a large number of individuals, collected preferably on 
a single day, and should include representatives of all sizes and age groups in the 
population. Many species offish can be aged fi-om the discontinuities which occur in 
their skeletal structures. The hard parts that can be studied for age determination are 
the scale, otolith, vertebral centra, dorsal and pectoral spines, opercular bone, urohyal 
bone, coracoids, hyomandibular etc. Age studies of various fish species have 
been undertaken by several researchers using hard anatomical parts of fish body 
such as scale (Girardin and Quignard, 1986; Devasundaram, 1962; TarkanetaL, 
2005), otolith (Colloca et al., 2003; Cardinale and Arrhenius, 2004; Brouwer and 
Griffths, 2004; Abecasis et al., 2006; Melia et al., 2006; Stewart and Hughes, 
2007), opercular bone (Le Cren, 1947; Bardach, 1955; Qasim and Bhatt, 1964; 
Nargis, 2006), vertebrae (Guinn & Hallburg, 1990; Polatetal., 2001; MacNeil and 
Campana, 2002), fin rays and spines (Boiko, 1950; Kohli, 1989; Paragamian, 
2003; Metcalf and Swearer, 2005; AL-Zibdah and Udat, 2007) and urohyal 
bones (Davis and West, 1992; Johal et al., 2000). Of all the structures, scales 
are reported to be the most common and widely used for age and growth 
studies in fishes. Cycloid and ctenoid scales, found in majority of the bony 
fishes, are commonly used in age determination (Ali, 1999). The age of fish is 
determined by scales on the basis that successive rings are formed as the fish grows m 
age. During summer and autumn, plenty of food is available and the fish grows at a 
faster rate so that the rings formed in this period are widely spaced. During winter, the 
food supply is limited and growth is restricted so that the rings are tightly packed, 
giving an appearance of alternate light and dark bands. These two bands are together 
considered to have been formed in one year and are called the annuli. The number of 
annuli on the scale gives the age of the fish. Sometimes false annuli also appear in 
some fishes due to slowing or fluctuafion in temperature. Generally a true annulus 
runs all along the surface of the scale, and is formed at the same time each year But a 
false annulus does not run all along the scale and can be formed at any time due to 
various factore. h was formerly thought that availability of food was responsible for 
the formation of rings, and so this method is vahd for fish hving in temperate zones 
where the amount of food varies with the season, while in tropics where the food is 
available throughout the year, this method is not reliable. However, it is now believed 
that food alone is not responsible for the formation of the annuli and it can be due to 
cessation of feeding during the process of maturation and spawning. Thus, age of the 
fish can be determined by counting the annuli, and fish lengths at each year can be 
back-calculated by measunng the linear distance (radius) from the focus of the scale 
to each annulus (www.bieap.gov.in/fishbiologyecology). Scale have been used 
successfully for the age and growth study of different fish species such as lnheo 
rohita (Hamilton) (Khan and Siddiqui, 1973, Johal and Tandon, 1985, Tandon et al., 
1989a); Catla catla (Hamilton) (Johal and Tandon, 1983a, 1992); Cirrhinus 
mrigala (Hamilton) (Jhingran, 1957, Kamal, 1969, Johal and Tandon, 1987b); 
Labeo bata (Hamilton) (Chatterji et al., 1979); Channa marulius (Dua and 
Kumar, 2006); Boops hoops (Girardin and Quignard, 1986); Capoeta trutta 
(Heckel) (Aydin et al., 2003); Rhodeus amarus (Tarkan et al., 2005); Scardinius 
erythrophthalmus (Gursoy et a l , 2005) etc. Otoliths are formed in embryo as soon as 
the inner ear is formed, and are located on either side of the skull. Otolith can be seen 
after removing the muscles of the pro-otic bone. Of the three otoliths (lapillus, 
asteriscus, and sagitta) sagitta is the largest and commonly used in age determination 
of fishes. It is roughly oval in shape, thin and flat in some fish, or thick at the tips. 
The thin otolith can be examined as such, while the thicker ones have to be grounded 
carefiiUy. Reibisch (1899) was among the early workers to use otolith for age 
determination in plaice {Pleuronectes platessd) (Linnaeus). Johns and Hynes (1950) 
used otolith for age determination of Gasterosteus aculeatus (Linnaeus), Pygosteus 
pungitius (Linnaeus) and Spinachia vulgaris (Fleming). Christensen (1964) used 
otolith for age determination in soles and other fishes. The life history of red 
guamard {Aspitrigla cuculus) (Lmnaeus) was traced by using validated otolith 
annual rings (CoUoca et al., 2003). Age determination of three commercially 
important hemiramphids in south-eastern Australia was done by using otolith 
(Stewart and Hughes, 2007). Several researchers successfully used otolith for age 
determination in Tor putitora (Ham) (Pathani, 1979); Mystus keletius (Valen) 
(Santhanakumar et al. 1983) and Sillago indica (David and Pancharatna, 2003). 
Techniques of reading age from vertebrae have been described by Aikawa 
(1937), Applegate and Smith (1951) and few others. Vertebral centra have proved 
to be very useful in age reading particularly of cartilaginous fish which otherwise lack 
opercular bones and thin plate like scales. Vertebral centra have been used for age 
determination in a wide range of marine and freshwater species such as Pleuronectes 
flesus luscus (Pallas) (Polat et al., 2001) and Cyprinus carpio (Liimaeus) (Phelps et 
al., 2007). Opercular bones have been used for age determination by many workers in 
different fish species viz. Perch (Bardach, 1955; Le Cren, 1947); Cyprinus carpio 
(Mc Connell, 1952); Ophicephalus punctatus (Bloch) (Qasim and Bhatt, 1964); 
Labeo senegalensis (Blake and Blake, 1978); Catla catla (Hoque and Ali, 1984; 
Nargis, 2006) etc. Opercular bones and scales were used to determine age and to 
study the life history pattern of bitteriing, Rhodeus amarus (Bloch) (Tarkan et al., 
2005). The method of ageing fish with sections of fin rays is not new. Possibly the 
earliest reported use of fin rays was the determination of the age of sturgeon 
Acipenser species (Kler, 1916). Boiko (1951) was the first to suggest that sections of 
the first few rays fi-om the first dorsal fin may be an acceptable method of ageing 
many species. Cross sections of fin rays and fin spines have also been usefiil in age 
determination. Dorsal fin rays were reported to be more suitable for ageing different 
fish species, such as Salmo trutta (Linnaeus) (Burnet, 1969); Cyprinus carpio 
(Wichers 1976; Kamilov 1984); Barbus rajanorum mystaceus (Meckel) (Polat 1987a); 
Capoeta trutta (Heckel) (Polat 1987b) and Liza ramada (Risso) (Gocer and Ekingen, 
2005). Pantulu (1961 and 1962) used pectoral spines for age and growth studies of 
Mystus gulio and Pangasius pangasius respectively. 
Some workers used different hard anatomical structures in the same fish for 
age estimation. Various bony structures of Liza ramada population fi-om Mersin bay 
were compared for age determination (Gocer and Ekingen, 2005). Age estimates from 
spines, scales, and otolith of freshwater fishes, largemoulh bass, Micropterus 
salmoides (Lacepede), smallmouth bass, Micropterus dolomieu Lacepede, yellow 
perch, Perca flavescens (Mitchill) and brown bullhead, Ameiurus nebulosus (Lesueur) 
from Northeastern US River were studied for age determination (Maceina and 
Sammons, 2006). Scales, pectoral fm rays and opercular bones were compared for 
age determination of Ontario red horse, Moxostoma species i.e. Moxostoma 
anisurum, M. carinatum, M. macrolepidotum and M.valenciennesi) (Reid, 2007). 
Scales, opercular bones, vertebrae, dorsal fin rays and otolith were used for ageing 
common carp (Phelps et al., 2007). Pelvic fm rays, scales and otoliths were compared 
for the estimation of age and growth of bull trout, Salvelinus confluentus (Zymonas 
and McMahon, 2009). Age determination is invariably accompanied by various 
sources of error. A variety of methods exist through which age interpretations can be 
validated (Campana, 2001). The term validation has two meanings; in a narrower 
sense the term is used to determine the temporal meaning of the growth increment 
used in ageing and in a wider sense, the term is used to prove that the whole age 
determination procedure is accurate. The validation methods can be roughly divided 
into indirect and direct method, hidirect validations are verification methods that 
support the growth rates determined by the age reading. The length-based methods, 
age based methods, marginal otolith structure development, back-calculation methods 
and chronology of annual growth zones, elemental compositon and isotopes method 
are the indirect methods for age validation (Morales-Nin, 2000). Comparison of age 
estimates between structures is an alterative technique to validation that may 
provide useftil information on the accuracy and bias of age estimatmg structures 
(Sylvester and Berry, 2006). 
Growth has been one of the most intensively studied aspect of fish 
biology as it indicates the health of the individual and the population. Growth of an 
organism can be defined as a change in its size (length and weight) over a period of 
time or it may be defined as the change in calories stored as somatic and reproductive 
tissue. As the age of a fish and its growth are closely related, the assessment of age 
and growth rate are conducted together. Abundant food supply and existence of other 
favourable conditions result in fast growth rate, whereas slow growth rate indicates 
the opposite. The rate of growth varies in fishes ft"om species to species, and for the 
same fish from different localities, as it is influenced by various factors. Fish do not 
grow all the time and at the same rate as there are many factors that affect the growth 
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rate offish. The important and apparent ones are temperature, photoperiod, dissolved 
oxygen, salinity, predation, parasitism and state of maturity. The maturation of 
gonads greatly influences the growth rate. The fish typically grow much faster in size 
in first few months or year of life until maturation. After maturation, an increased 
amount of energy is diverted to the growth of gonads. As a result, growth rates of 
mature fish are much slower than those of immature fish. Besides these exogenous 
factors i.e , those imposed by environment, there are some endogenous factors that 
determine the growth rate such as, genetic composition and physiological condition of 
fish (Ali, 1999). Growth studies are essential instruments in the management of 
fisheries resources because these studies contribute to estimates of production, stock 
size, recruitment and mortality offish populations (Issac, 1990). A number of growth 
curve models (e.g. Von Bertalanffy, Gompertz and Logistic growth curve) are 
available. But the most widely used model for growth in fisheries is credited to Von 
Bertalanffy (1957). Several researchers succcessftiUy used Von Bertalanffy growth 
model for the estimation of growth in different fish species such as Acipenser 
oxyrinchus (Stevenson and Secor, 1999); Cyprinus carpio (Vilizzi and Walker, 1999) 
and Gerres sp. (Kanak and Tachihara, 2006). 
The knowledge on the length-weight relationship of fish has vital importance 
in fishery science. The relationship between length and weight has two purposes: one 
it serves as basis for the calculation of unknown weights offish from known length or 
vice-versa, and two is to determine the coefficient of condition, also called condition 
factor. The length-weight relationship has been of two forms, one relating to isometric 
growth, the other to allometric growth. A fish is said to have isometric growth when 
I I 
all parts of body grow at the same rate, whereas with allometric growth, it is assumed 
that differem parts of body grow at different rates (AH, 1999). Studies on length-
weight relationship of fishes are important in fishery biology because they allow the 
estimation of the average weight of fish of a given length group by establishing a 
mathematical relation between the two (Berg, 1981). In fisheries science, the 
condition factor is used in order to compare the condition, fatness or well being of 
fish and it is based on the hypothesis that heavier fish of a particular length are in a 
better physiological condition (Bargenal, 1978). Condition factor is also a useful 
index for the monitoring of feeding intensity, age and growth rates in fish (Oni et al., 
1983). It is strongly influenced by both biotic and abiotic environmental conditions 
and can be used as an index to assess the status of the aquatic ecosystem in which fish 
live (Anene, 2005). Gomiero and Braga (2005) studied the condition factor of 
different fish species {Hypostomus strigaticeps, Astyanax altiparanae, Astyanax 
scabripinnis, Astyanax fasciatus, Astyanax sp., Characidium aff. zebra, Piabina 
argentea, Hypostomus ancistroides, Hypostomus sp., Parodon tortuosus, 
Serrapinus heterodon and Bryconamericus sp.) from river basins in Sao Paulo state. 
Southeast of Brazil. Indian researchers have studied length-weight relationship in a 
number of fish species viz., Puntius amphibious (Kumar et al., 1984); 
Lepidocephalichthys guntea (Dhakal and Subha, 2003) and Mastacembelus armatus 
(Serajuddin, 2005). Length-weight relationship and condition factor has been studied 
in different freshwater fishes such as Catla catla (Zafar et al., 2003); Cyphnus carpio 
(Balik et ai., 2006); Rhinomugil corsula (Mortuza and Rahman, 2006); Puntius 
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filamentosus (Prasad and Ali, 2007); Labeo boga (Pervin and Mortuza, 2008) and 
Ptetygoplichthys paradalis (Samat et al., 2008). 
Fishes selected for the present study are the Indian major carps i.e. Labeo 
rohita, Catla catla and Cirrhinus mrigala. The average yield of major carps in river 
Ganga declined from 26.62 to 2.55 kg/ha/year during the last four decades. 
Biologically and economically desirable fish species have started to be replaced by 
low-value species as their populations are rapidly declining. Recent studies have 
shown that environmental changes, such as the decline of water level and volume due 
to sedimentation and water abstraction accompanied by river course modifications 
and irrational fishing practices, are the key factors responsible for the decline of 
riverine fish production (Tietze et al., 2007). Conservation of fish genetic diversity is 
not only important for sustainable fishery but it also helps in national development. 
Many freshwater fish species contain bioactive substances having properties as 
medicine, food preservatives and other chemicals that may fetch many patents inside 
and outside the country. The drastic modification of freshwater habitats by damming 
streams and rivers siltation leading to reduction in their depth has also profoundly 
affected many fish species like the Indian shad {Hilsa ilisha), the carps {Labeo 
calbasu), the catfish {Bagarius bagarius) etc. It is true that freshwater aquaculture for 
Rohu, Catla, Mrigal, Silver carp. Grass carp and Common carp has showed 
considerable growth but these fishes are produced in the commercial mode and 
channelised to urban markets, poorer people cannot access them through subsistence 
fishing. Mindless harvesting of native freshwater fishes has reduced a considerable 
number of species. The important riverine fishery of Indian major carps has either 
collapsed or is at the threshold of collapse, as evident from the production figures 
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described elsewhere. However, being primary source of original fish germplasm, role 
of riverine fisheries and lakes is crucial for conservation of biodiversity (Chaudhari, 
2004). 
Age, growth and length-weight relationship studies have applicability in 
involving effectiveness policies for the management and conservation of the fisheries. 
Age determination of the fish provides an understanding towards the composition of 
fish population with respect to age, age at maturity and possible life span. The growth 
studies lead to an assessment of the sustaining power of the stock in fishery where 
length-weight studies give information regarding well being of the fish which may 
determine the suitability of an environment. Age information is important as it forms 
the basis for the calculations of growth and mortality rates and productivity estimates 
(Campana, 2001), making it essential for fisheries management (Casselman, 1987; 
Cailliet et al., 2001). One of the main problems facing age and growth estimates is the 
selection of the most suitable structure to age the fish. Overall the present study may 
generate some usefixl information regarding fisheries management in natural water 
bodies and contributing additional information to the existing knowledge on the 
subject. 
The present study was, therefore, undertaken with the following objectives: 
1) to evaluate and compare age estimates, and reader precision between different 
structures (i.e scale, otolith, vertebrae, opercular bone and dorsal fm ray) for age 
determination of the Indian major carps, Labeo rohita, Catla catla and Cirrhinus 
mrigala, 2) to fit the age-length data to tiie Von Bertalanffy growth model, and 3) 
and to investigate the length-weight relationship, length-lengtii relationship and 
condition factor. 
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Labeo rohita (Hamilton, 1822) 
Kingdom 
Phylum 
Sub phylum 
Super class 
Class 
Order 
Division 
Sub order 
Family 
Sub family 
Genus 
Species 
Animalia 
Chordata 
Vertebrata 
Gnathostomata 
Osteichthyes 
Cypriniformes 
Cyprini 
Cyprinoidea 
Cyprinidae 
Cyprinini 
Labeo 
rohita 
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Labeo rohita 
Common names 
Labeo rohita, in different regions of the country, is commonly known as rohu, 
ruee, rohiti, rui, bhobhari, dhambra, rohi, kennadi and tambada massa. 
Salient features 
Body bilaterally symmetrical, moderately elongate, its dorsal profile more arched 
than the ventral profile. Body with cycloid scales and head without scale. Snout 
fairly depressed, projecting beyond mouth without lateral lobe. Eyes dorsolateral 
in position not visible from outside of head. Mouth small and inferior lips thick 
and fringed with a distinct innerfold to each lip, lobate or entire. A pair of small 
maxillary barbels concealed in lateral groove. Dorsal fin inserted midway between 
snout tip and base of caudal fin. Pectoral and pelvic fins laterally inserted. Caudal 
fin deeply forked. Lower lip distinct, complete and rurming along median line of 
the caudal peduncle. Lateral line scales 40 to 44. Snout not truncate and without 
any lateral lobe (www.fao.org/fishery/culturedspecies/Labeo_rohita/en). 
Geographical distribution 
Day (1878 and 1889) reported the distribution of rohu, L. rohita in freshwaters of 
Sindh and Punjab (Pakistan), India, Bangladesh and Burma. He also stated that 
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rohu is not found in Madras (South India). Later studies, however, have 
mentioned the occurrence of this species in many other places, viz., Sabarmati 
drainage, in the rivers Narmada, Tapti, Godavari, Mahanadi etc. though it is more 
common in plains of north India (Setna and Kulkami, 1949; Alikunhi and 
Chawdhuri, 1951 and Mishra, 1959). Reddy (1999) reported that besides the above 
mentioned countries the distribution of L. rohita has also extended to the 
Philippines, former USSR, Japan, Sri Lanka, Laos, Pakistan, Malaysia, Thailand, 
Vietnam, Madagascar, China and Mauritius. 
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Catla catla (Hamilton, 1822) 
Kingdom 
Phylum 
Sub phylum 
Super class 
Class 
Order 
Division 
Sub order 
Family 
Sub family 
Genus 
Species 
Animalia 
Chordata 
Vertebrata 
Gnathostomata 
Osteichthyes 
Cypriniformes 
Cyprini 
Cyprinoidea 
Cyprinidae 
Cyprinini 
Catla 
catla 
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Catla catla 
Common names 
Catla catla, in different regions of the country, is commonly known as catla, 
baudhara, tambra, chapti, oriya, bhakur, theil and tayoppa. 
Salient features 
Body short and deep, somewhat laterally compressed, its depth more than head 
length. Head very large, its depth exceeding half the head length. Body with 
conspicuously large cycloid scales, head devoid of scales, snout bluntly rounded. 
Eyes large and visible from underside of the head, mouth wide and upturned with 
prominent protruding lower jaw. Upper lip absent and lower lip very thick. No 
barbels. Dorsal fin inserted slightly in advance of pelvic fins, anal fin short, 
pectoral fin long extending to pelvic fins, caudal fin forked. Lateral line with 40 to 
43 scales (www.fao.org/fishery/culturedspecies/Catlacatla/en). 
Geographical distribution 
Jhingran (1968) described the distribution of C. catla, starting from the Ganga 
river network in the north to the Krishna river down south of India, Pakistan, 
Bangladesh and Burma. The author has also mentioned that catla fmgerlings have 
been also exported to Israel in 1954 and to Japan, and Mauritius in 1960s. Reddy 
(1999) reported that C. catla is also distributed in other countries such as 
Zimbabwe, Israel, Bhutan, Philippines, former USSR, Japan, Sri Lanka, Laos, 
Pakistan, Malaysia, Thailand, Vietnam and Mauritius. 
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Cirrhinus mrigala (Hamilton, 1822) 
Kingdom 
Phylum 
Sub phylum 
Super class 
Class 
Order 
Division 
Sub order 
Family 
Sub family 
Genus 
Species 
Animalia 
Chordata 
Vertebrata 
Gnathostomata 
Osteichthyes 
Cypriniformes 
Cyprini 
Cyprinoidea 
Cyprinidae 
Cyprinini 
Cirrhinus 
mrigala 
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Cirrhinus mrigala 
Common names 
Cirrhinus mrigala, in different regions of the countty, is commonly known as 
mrigal, mrigala, mirrgah, mirikali, naini, mirki, man, marakha, arju, yerramosa, 
mrigalam, nainee, mirya, nagari and morahkee. 
Salient features 
Body bilaterally symmetrical and streamlined, its depth about equal to length of 
head. Body with cycloid scales and head without scales. Snout blunt, often with 
pores. Mouth broad, transverse upper lip entire and not continuous with lower lip. 
Single pair of short rostral barbels. Origin of dorsal fin nearer to end of snout than 
base of caudal. Dorsal fin as high as body with 12 or 13 branched rays. Pectoral 
fin shorter than head. Caudal fin deeply forked. Anal fin not extending to caudal 
fin. lateral line with 40-45 scales. Usually dark grey above, silvery beneath. 
Dorsal fin grayish, pectoral, pelvic and anal fin orange tipped (especially during 
breeding season) (www.fao.org/fishery/culturedspecies/Cirrhinusmrigala/en), 
Geographical distribution 
According to Day (1878 and 1889) mrigal inhabits rivers and tanks in Bengal, 
Deccan, north-west provinces, Punjab, Sindh (Pakistan), Cutch and Burma, later 
workers (Alikunhi, 1948 and 1957, and Mishra, 1959) recorded its distribution in 
major river systems of India, including river Godawari in the south. The species 
was also recorded from Nepal (De witt, 1960). Reddy (1999) reported that besides 
above countries, mrigal has also been introduced to Bhutan, Phillipines, former 
USSR, Japan, Sri Lanka, Laos, Malaysia, Thailand, Vietnam and Mauritius. 

MATERIALS AND METHODS 
1. Sample collection 
The study material consisted of 139 Labeo rohita specimens, 108 specimens of 
Catla catla and 133 specimens of Cirrhinus mrigala. Fish samples were collected 
monthly during the period, January 2008 to April 2009 from river Ganga at Narora 
(27°30'N, 78°25'60E), U.P., India. 
2. Body measurement 
Total length (TL) of each fish was measured from the tip of snout to the longest 
fin ray of the caudal fin. Standard length (SL) was measured from the tip of snout 
to the end of caudal peduncle and fork length (FL) were measured from the tip of 
snout to the base of caudal fin. All fish samples were measured to the nearest mm. 
Each fish was weighed separately on a weighing balance. 
3. Age reading techniques 
3.1. Collection and preparation of scale 
The fish were washed under rurming tap water lightly rubbing their body in a 
head-to-tail direction in order to remove any loose scales which may have rubbed 
off other fish. Scales were removed using forcep from above the lateral line near 
the tip of the pectoral fin. Scales were washed, cleaned and studied as dry mounts, 
after removing the extraneous matter and mucous by washing them in tapwater 
22 
and rubbing in between the finger tips. To make scales more clear and soft, the 
large scales were dipped in weak solution (1%) of KOH for about 5-10 min, then 
washed in tapwater and dried in air. Scales were placed between two glass slides 
and studied with the help of compound microscope (Tandon and Johal, 1996). 
3.2. Collection and preparation of opercular bone 
The opercular bones were detached with the help of scalpel and dipped in boiling 
water for few minutes to remove extraneous tissue. A bristled brush was used to 
remove tissue that boiling water did not loosen. Cleaned opercular bones were 
examined under transmitted fluorescent light with naked eye (Phelps et al., 2007). 
3.3. Collection and preparation of otolith 
To obtain otolith, an incision was made on the dorsal side of the head, to expose 
the brain on either sides of which the otic capsules are located. Sagittal otoliths 
(largest of their kind) were removed from otic capsules by opening the otic bulla. 
Otoliths were washed, cleaned and examined under microscope using reflected 
light (Tandon and Johal, 1996). 
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3.4. Collection and preparation of vertebrae 
Vertebrae (4* to 10*) were removed and placed in boiling water for 10-15 min to 
clear the attached muscles. Vertebrae were then dried for 2 weeks to count annual 
rings. Vertebrae were examined by shining a fiber-optic light near the bottom of 
the structure to illuminate annuli under dissecting microscope (Phelps et al., 2007). 
3.5. Collection and preparation of Dorsal fin ray 
The first four dorsal fin rays were removed fi-om each specimen. Fin rays were 
placed in sample bottle containing Gooding and Stewards decalcifying fluid 
(Decalcification took approximately 7-10 days with two changes of fluid). Fin rays 
were later dehydrated in alcohol, cleaned in xylene prior to embedding with 
molten paraffin wax and then sections (lOjim) cut using microtome. Slides of the 
sections were prepared following standard procedures (Ezenwa and Ikusemiju, 
1981). During the process, fin ray sections were treated with haematoxylin 
followed by eosin. The prepared slide was then observed under microscope for age 
reading. 
3.6. Measures of precision 
All the otoliths, scales, vertebrae, opercular bone and dorsal fin ray sections were 
aged independently by two readers' without the knowledge offish length. In case 
of disagreement between readers' the ageing structures were reexamined together 
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by the two readers' until a consensus was reached. In L. rohita and C. mrigala 
each alternative structure (otolith, opercular bone, vertebrae and dorsal fm rays) 
was paired with the scale (which showed more clear and sharp rings) and in case 
of C. catla each alternative structure was paired with opercular bone. Scales in the 
L. rohita and C. mrigala and opercular bone in C. catla were considered to be 
accurate ageing structures on the basis of clarity and sharpness of the annual rings. 
Precision between pairs of structures was quantified as average percent 
error (APE), coefficient of variation (CV) and percent agreement (PA). APE was 
derived using the formula presented by Beamish and Foumier (1981): 
1 ^ - 1 \Xii — Xj 
APE^ — ^ J x^lOO 
where Xy is the /th age determination of the yth fish, Xj the average age calculated 
for theyth fish and R the number of times each fish is aged. 
Coefficient of variation is the standard deviation as a fraction of mean. 
Percent agreement between structures was also calculated to flirther interpret 
precision. 
4. Growth analysis 
4.1. Estimation of growth parameters 
To examine the growth of males and females, the Von Bertalanfly growth function 
(VBGF) was fitted to length-at-age data obtained from otolith and scale readings. 
VBGFs were fitted to pooled data from both scale and otolith. The VBGF is 
represented as: 
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Lt = L^(l-e-'^n 
Where L^  - total length (cm) of fish at age t; 
L^ = asymptotic mean length; 
K = is a rate constant that determines the rate at which L^  
approaches L^; 
t = time or age of the fish; and 
tp = the hypothetical age at which the fish had zero length. 
4.2. Length-weight relationship 
Total length (TL), fork length (FL) and standard length (SL) of each fish were 
measured to the nearest mm using measuring board. Body weight was determined 
as total weight (TW) including gut and gonads. Each fish was weighed separately 
on an electronic weighing balance. Length-weight relationship was expressed by 
the equation W = aL*'. The 'b' is an exponent with a value between 2.5 and 3.5 
demonstrating normal growth dimensions or interpretation of relative well being 
(Bargenal, 1978; King, 1996). Linear transformation was made using natural 
logarithm at the observed lengths and weights proposed by Zar (1984). The 
expression of the relationship is represented by the following formula: 
Log W = log a + b log L 
where: 
W = weight of fish in grams, 
L = total length offish in centimeters 
a = exponent describing the rate of change of weight with length 
b = weight at unit length 
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Furthermore, relationships between (i) TL v/s SL (ii) SL v/s FL, and (iii) FL v/s 
TL were also estimated by using the above least square linear regression equation 
(Soomro et al, 2007). 
4.3. Condition factor 
The degree of well-being or relative robustness of the fish is expressed by 
coefficient of condition (also knovm as condition factor or length-weight factor). 
Variations in the fish's coefficient of condition primarily reflect the state of sexual 
maturity and degree of nourishment. Condition factor values may also vary with 
fish age, and in some species, with sex. It is represented by the letter K. This 'K' 
value can be basically and directly interpreted as higher the value of K better the 
condition of the fish (Samat et al., 2008). 
K = 1 0 0 W / L ' ' 
Where: 
W = weight offish in grams 
L = total length of fish in centimeters 
" = value obtained fi-om the length-weight equation 
Data analyses 
For each fish species, the data obtained on age estimation from different hard 
anatomical parts were subjected to Pearson's correlation analysis between the 
structures in order to establish the relationship among readings of different 
structures of the same fish species. For each fish species, age readings obtained 
27 
from various hard anatomical parts were subjected to one-way analysis of variance 
(ANOVA) followed by Duncan's multiple range test (Gomez and Gomez, 1984) 
in order to explain whether the readings from different hard anatomical parts of 
the same species showed significant differences among themselves. Relationship 
between length and weight of the fish was examined by simple linear regression 
analysis. Variations in condition factor (represented by K) of the individual fish 
were described at different length. Furthermore, relationships in between (i) TL 
v/s SL (ii) SL v/s FL (iii) FL v/s TL were also estimated by using the least square 
linear regression equation. 
All statistical analyses were done using MS-Excel and SPSS (version 12.0). 
28 

RESULTS 
1. Age estimation 
Overall, otolith, scales, vertebrae, opercular bone and dorsal fin rays of all 
the three fish species showed a regular growth pattern in the form of 
alternating opaque and translucent bands. 
1.1. L. rohita 
In L. rohita specimens (N = 139; total length = 18-63 cm) annual grov^ rings 
were clearer and sharper in scales thereby producing lesser errors in age 
estimation. Percent agreement between the two independent readers' was highest 
for the scales (97.1%) followed by opercular bones (89.9%), vertebral centra 
(74.1%), otoliths (68.3%) and dorsal fin rays (63.3%) (Table 1). When scale ages 
were compared with other alternative structures, highest percent agreement was 
found between scale and opercular bone (75.5%), followed by vertebrae (71.2%), 
otolith (58.3%) and dorsal fin rays (41.7%). In L. rohita, scale and opercular bone 
showed lowest values of APE and CV as compared to other structures (Table 2). 
The correlation coefficient between age readings of the same structure was higher 
for scale (0.979) as compared to other structures. Similarly, correlation coefficient 
between age estimates from different bony parts of L. rohita showed that each 
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part was correlated significantly (P<0.01) with the other. Scales exhibited 
highest values of correlation coefficient with the opercular bone followed by 
vertebrae, otolith and dorsal fin rays. Compared to all other structures, ages 
from opercular bones were nearly as precise as scales as they showed highest 
values of correlation coefficient with the scales (Table 3). Mean values of age 
estimates from different structures, when compared using ANOVA followed by 
DMRT, showed highest (P<0.05) values for age readings from scales 
followed by opercular bone, vertebrae, otolith and dorsal fin rays. Age 
readings from opercular bone, otolith and vertebrae did not show any 
significant (P>0.05) differences. However, the lowest (P<0.05) values for 
age readings were obtained for dorsal fin rays (Table 4). 
1.2. C. catla 
In C catla (N = 118; Total length = 19-60 cm), percent agreement of ages 
between the age readings of two independent readers' was higher for operculer 
bone (93.3%) followed by otolith (84.6%), scales (79.8%), vertebrae (71.2%) and 
dorsal fin rays (65.4%) (Table 1). When opercular bone ages were compared with 
other alternative structure, highest percent agreement was found between 
opercular bone and otolith (97.1%) followed by scale (95.2%), vertebrae (74%) 
and dorsal fin rays (65.4%). In C. catla, opercular bone and otolith showed lowest 
values of APE and CV as compared to other structures (Table 2). The correlation 
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coefficient between age estimates of same age structure was also iiigher for 
opercular bone as compared to other structures (Table 3). In C. catla, correlation 
coefficient between age estimates from different bony parts showed that each part 
was correlated significantly (P<0.01) with the other. Opercular bone which 
showed most clear growth rings exhibited highest values of correlation with 
the otolith followed by scale, vertebrae and dorsal fin rays (Table 3). Mean 
values of age estimates from different structures, when compared using ANOVA 
followed by DMRT, showed that values obtained from dorsal fin rays were 
significantly (P<0.05) lower than the readings obtained from all other 
structures except vertebrae (Table 4). The values from dorsal fin rays and 
vertebrae were insignificantly (P>0.05) different from each other. Also, the 
age readings from scales, otolith, opercular bone and vertebrae were 
comparable (P>0.05) with each other. 
1.3. C. mrigala 
In C. mrigala (N = 133; Total length = 21-62 cm) percent agreement of ages 
between the age readings of two independent readers' was higher for scales 
(91.7%) followed by opercular bone (85.7%), otolith (83.5%), vertebrae (74.4%) 
and dorsal fin rays (63.9%) (Table 1). When scale ages were compared with other 
alternative structures, highest percent agreement was found between scale and 
opercular bone (94%) followed by otolith (87.2%), vertebrae (69.2%) and dorsal 
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fin rays (67.2%) (Table 2). In C. mrigala scale and opercular bone showed lowest 
values of APE and CV as compared to other structures (Table 2).The correlation 
coefficient between age estimates of same structure was higher for scale as 
compared to other structures (Table 3). Correlation coefficient between age 
estimates from different hard bony parts of C. mrigala showed that each part was 
significantly (P<0.01) correlated with the other. Scales exhibited highest values 
of correlation with the opercular bone followed by otolith, vertebrae and 
dorsal fin rays (Table 3). Mean values of age estimates from different structures, 
when compared using ANOVA followed by DMRT, showed that maximum age 
estimates obtained from scales were significantly (P<0.05) higher than that 
from dorsal fin rays but comparable (P>0.05) to the values from opercular 
bone, otolith and vertebrae (Table 4). 
2. Growth 
2.1. Growth curve 
Von Bertalanffy curve was fitted to the total length at age data resulting in the 
following growth equations: 
L. rohita Lt= 92 [ 1 -exp (-0.2162 (t+0.8326))] 
C. catla Lt= 88 [1-exp (-0.117 (t+0.5983))] 
C. mrigala Lt= 85 [1-exp (-0.1178 (t+0.7640))] 
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2.2 Length-weight relationship 
Length-weight equations were calculated for 139 L. rohita, 118 C catla and 133 
C. mrigala specimens. L. rohita specimens ranged from 18 to 74 cm in total length 
and 280 to 5120 gm in total body weight. Specimens of C. catla ranged from 19 to 
72 cm in total length and 320 to 4560 gm total body weight. C. mrigala samples 
ranged from 21 to 80 cm in total length and 400 to 6050 gm total bodyweight. 
The length-weight relationship for the Indian major carps were calculated and 
represented in the form of following equations: 
L. rohita 
Log W =-5.2877 + 3.2267 LogL R^= 0.9913 
C. catla 
Log W=-5.0046+ 3.0482 LogL R^-0.9945 
C. mrigala 
LogW=-4.828+ 3.0104 LogL R^= 0.977 
The value of b in the plot of Log W against Log L varied from 3.2267 for L rohita 
(Figure 1), 3.0482 for C. catla (Figure 2) and 3,0104 for C. mrigala (Figure 3) 
The value of b in C. catla (3.0482) and C. mrigala (3.0104) in the present study 
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were close to 3.0 (the slope for an ideal fish) indicating that fish is growing 
isometrically in relation to length. In L. rohita the value of b (3.2267) is slightly 
higher. 
2.3 Length-length relationship 
Length-length relationship values for L. rohita, C. catla and C. mrigala are given 
in Figure 4, Figure 5 and Figure 6 respectively. The values for coefficient of 
determination (R^) for all the length-length relationships were >0.9, indicating 
high correlation. 
2.4. Condition factor 
Condition factor (K) values ranged from 1.44 to 1.76 (mean 1.57) in L. rohita, 
1.38 to 1.46 (mean 1.33) in C. catla and 1.64 to 1.81 (mean 1.56) in C. mrigala. 
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DISCUSSION 
Variations were observed in the age estimates from different age structures of the 
fish body. Scales, in L. rohita (Ham) and C. mrigala (Ham) showed clearer 
and sharper growth rings in comparison to other structures used for age 
estimation. In the published literature available on Indian freshwater fishes, 
scales have been exclusively used for age studies in L. rohita (Johal and 
Tandon, 1985, Khan and Siddiqui, 1973), C. catla (Ham) (Johal and Tandon, 
1987; 1992) and C. mrigala (Jhingran, 1957, Johal and Tandon, 1983 a). In all 
these research articles the scales were used not to test the precision for age 
estimation but to correlate age with growth of the fishes. Scales of L. 
rohita are elongated and broad having focus which is sharp in the 
beginning but becomes prominent as scales grow in size and the circuli 
(circular concentric lines) are formed periodically with the growth of scales 
showing closely and widely spaced arrangement representing slow and fast 
period of growth (Tandon and Johal, 1996). In L. rohita and C. mrigala, 
percent agreement between independent readers' was higher for scales as 
compared to other structures. 
In most of the cyprinids, age has been estimated from scales 
(Kamilov, 1984). In common carp, comparison of different structures (scales, 
opercular bone, dorsal spines and sagittal otolith) revealed scales to be the 
best structure for estimating age but in case of fish with unreadable scales 
use of fin sections was recommended (Lubiniski et al., 1984). Scales with 
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their growth marks were reported to be better structure than the opercular 
bone used for ageing Prochilodus nigricans (Spix and Agassiz) (Louberis 
and Panfili, 1992). Amongst all age structures, scales were found to be the 
most suitable ageing structure in L. rohita and C. mrigala in the present 
study. In addition to having clear and sharp annuli, scales also have the 
advantages such as easy collection, preparation and being non-destructive to 
the fish. This is in corroboration with the findings of other studies. In cyprinid, 
Capoeta trutta (Heckel), Ozturk et al. (1997) found rather clear annuli on 
scales though best annuli were reported in dorsal fin. The annuli on scales of 
Capoeta trutta were reported better than those on the otolith and operculum 
(Ozdemir and Sen, 1983). Sharper and clearer annuli on L. rohita scales, 
observed in the present study may be due to the fact that the maximum 
age observed in the fish group was 6 years and the clarity and sharpness 
of annuli on the scales of 6 age was slightly less than those of the 
younger fish. However, there are reports where L. rohita and other Labeo 
species had been aged upto 7+ and 8+ years using scales only (Johal and 
Tandon, 1985, 1987; Tandon et al., 1989a). These authors did not used 
any other structure for age reading in the fishes. 
Several researches have reported that scales can provide 
unreliable estimates of fish age (Boxrucker, 1986; Hammer and Miranda, 
1991). The imprecise and inaccurate age enumeration from scales have 
been attributed to reabsorption and deposition of false annuli due to stress 
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and food limitation, and annuli becoming obscure because scale growth 
tends to cease as fish grow older (Beamish and Mcfarlane, 1987; Maceina 
and Sammons, 2006). Scale ages were on an average 9 years less than the 
ages estimated from sectioned otolith in Morone saxatilis (Linnaeus) older 
than 20 years, but scales were reported to estimate age adequately up to 
the age of 12 years (Secor et al, 1995). In some scientific reports, the use 
of scales had been criticized mainly because of the fi-equent underestimation of 
the ages of older fish (Beamish and Mcfarlane, 1987). 
Otolith exhibited quite clear annual growth rings in L. rohita, C. catla 
and C. mrigala. Percent agreement for otolith between age readings of two 
independent readers' were 68.3%, 84.6%, 83.5% for L. rohita, C. catla and C. 
mrigala, respectively. Growth patterns of otolith were composed of alternate 
opaque and hyaline zones which were interpreted for age estimation with 
high degree of reliability. Accurate age estimation using otolith is also 
supported by the fact that otolith do not show reabsorption and their 
growth is accellular rather than by calcification (Secor et al., 1995) and 
also because otolith are reported to be metabolically inert and thus do not 
reflect physiological changes that may occur throughout the life of fish (Phelps et 
al., 2007). Sometimes, the interpretation of the otoliths is complicated due to 
presence of false rings (Morales Nin, 1992) which are often deposited 
corresponding to the crucial moments of the fish life cycle such as sexual 
maturity. Age estimates from otolith in L rohita, C. catla and C. mrigala 
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were insignificantly (P>0.05) different to other structures showing clear and 
sharp growth marks. However, on the basis of clarity and sharpness otolith 
were very close to opercular bone in C. catla. Percent agreement for age 
estimates between scale and otolith was 58.3% and 87.2% for L. rohita and C. 
mrigala, respectively. In C. catla, percent agreement between opercular bones 
and otolith was 97.1%. There were no signs of discontinuity in the rings of 
otolith. Our observations on the clarity and sharpness of the growth rings 
on otolith could have been influenced by the method used. Since clear 
rings were apparent on the whole otolith, in the present research work, 
sectioned otolith was not used. Also, the size and shape of otoliths favoured 
whole otolith observation. Use of whole otoliths has been reported to lead to 
underestimation of the ages when compared with sliced otoliths (Abecasis et 
al., 2006). Otolith were reported to be the most reliable ageing structure in 
Capoeta capoeta umbla (Meckel) (Ekingen and Polat, 1987) and Trachurus 
trachurus (Linnaeus) (Polat and Kukul, 1990). Mosegaard et al. (1989) 
observed that reader precision was high for both scales and otoliths obtained from 
roach, Rutilus rutilus (L.), but ages discerned from scales were much lower than 
those observed from fish that were >10-11 years old estimated from otolith 
examination. 
Isermann et al. (2003) while comparing the scales, sagittal otoliths and 
dorsal spines reported that otoliths provide the most time efficient and precise 
approach for age estimation in walleyes, Stizostedion vitreum. Brown et al. (2004) 
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validated the use of asteriscus otolith annuli for the age determination in common 
carp, Cyprinus carpio. Morioka et al. (2002) in their study on otoliths of Labeo 
mesops (Gunther) juveniles reported lapillus otolith to be suitable for age 
determination. Age assignment from spines and scales was less precise than from 
otoliths for fish collected from upper Hudson river and for the older fish scale ages 
were progressively lower than otolith age (Maceina and Sammons, 2006). Kruse et 
al. (1993) observed that ages determined using scales and otoliths were reported to 
be similar in black crappies, Pomoxis nigromaculatus (Lesueur, 1829). Erman 
(1959) found that annual rings on otoliths were more difficult to identify. Ozdemir 
and Sen (1986) found that scales and vertebrae were better as compared to otoliths 
in Leuciscus cephalus (Linnaeus) for age reading. 
Opercular bones were reported to be superior to scales for the age 
estimation of common carp (Mc Connell, 1952). Bardach (1955) used opercular 
bone of the yellow perch, Perca flavescens (Mitchill) as a tool for age and growth 
studies. Nargis (2006) used opercular bones of C. catla for age reading. The 
determination of age and growth of fish from opercular bone is well established in 
fishes of temperate waters and has been found to be more satisfactory than other 
methods such as scales, vertebrae, spines or other hard parts in Esox lucius 
(Linnaeus) (Frost and Kipling, 1959) and Perca fluviatilis (Shafi and Maitland, 
1971). In C. catla, clear and sharp annuli were observed on opercular bones. 
which showed mean age estimates comparable to those from all other structures 
used for age determination except dorsal fin rays. 
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Rings on opercular bone of younger age group fishes were clearer and 
more easily identifiable than in the older age groups (Frost and Kipling, 1959; 
Nargis, 2006 and Shafi and Maitland, 1971). Khemiri et al. (2005) found opercular 
bone unsuitable for age estimation in Boops boops (Linnaeus) from Tunisian 
waters. Use of opercular bones and whole otolith in routine age determination was 
recommended in the common Carp, Cyprinus carpio, from the river Murray. 
Australia. In four red horse species, Moxostoma anisurum (Rafinesque), M 
carinatum (Cope), M macrolepidotum (Lesueur) and M. ralenciennesi (Jordan), 
age estimates from scales were significantly lower than those obtained from fin 
rays and opercles (Reid, 2007). Jimenez-Badillo (2006) mentioned that the 
extraction, preparation and reading of opercular bones in comparison with scales 
were relatively easier and cited that the rings on scales and opercular bones were 
due to periods of fast or slow growth imposed by reproductive energetic demands 
in Oreochromis aureus (Steindachner). Blake and Blake (1978) used opercular 
bones for studying the age and growth of Labeo senegalensis (Valencciennes) 
from Lake Kainji, Nigeria and mentioned that growth rings were formed as a 
result of minimum water temperature and for onset of the rains associated with a 
limited food supply. 
Whole vertebral centra was used for age determination in L. rohita, C. 
catla and C. mrigala. For age determination in fishes, whole as well as sectioned 
vertebral centra have been used by many researchers. Polat et al. (2001) compared 
different bony parts of Pleuronectes flesus luscus (Pallas) for age determination 
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and reported vertebrae as the most reliable structure having minimal ageing error. 
Guinn and Hallberg (1990) reported that vertebrae and otolith gave similar age 
estimates in Burbot, Lota lota (Linnaeus). In Lutjanus johnii (Bloch), sectioning of 
otolith and vertebrae enhanced the ability to differentiate opaque zones in otolith 
and interpret growth checks in vertebrae and produced higher age estimate than 
those obtained from whole vertebrae and otolith (Marriot and Cappo, 2000). Clark 
(1987) compared vertebrae, otolith and scales for ageing fall chum salmon, 
Onychorhynchus keta (Walbaum). The author concluded that time required to 
process and read vertebrae (twenty times as long as scales) made them less 
practical to use but the precision and accuracy involved with vertebrae made them 
best of the three structures researched. Vertebrae have rarely been used to study 
age estimation in fishes which show clear growth marks in other ageing structures 
that cause minimal or no damage to the fish. Since we used whole vertebral centra 
for age estimation in L. rohita, C. catla and C. mrigala, the degree of clarity and 
sharpness of the growth rings could have been affected. In the present study, the 
rings on vertebral centra were not very clear and showed numerous minute marks 
unrelated to cyclic events, which corroborates with ttie observations made by Hill 
et al. (1989) in pacific blue Marlin, Makaira nigricans (Lacepede). Khemiri et al. 
(2005) used different bony structures for estimating the age of Bogue, Boops 
boops and found vertebrae unsuitable for age estimation because of the presence 
of numerous minute marks unrelated to the cyclic events. 
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Dorsal fin rays were reported to be the most suitable ageing structure 
by several researchers. Burnet (1969) reported dorsal fin rays to be more suitable 
than the otoliths for ageing Salmo trutta. Dorsal fin rays were found to be more 
suitable compared to other structures for ageing Bar bus rajanorum mystaceas 
(Heckel) and Capoeta trutta (Polat, 1987a and 1987b). In Liza ramada (Risso) 
population from Mersin Bay, dorsal fin rays were found to be the most reliable 
bony structure for age determination followed by scales, vertebrae, otolith and 
operculum (Gocer and Ekingen, 2005). Red Gurnard, Chelidonichthys kumu 
(Lesson and Gamot) was reported to be aged satisfactorily by using fin rays for 
live specimens and otolith for dead specimens (Staples, 1971). If non-lethal 
procedure is needed for age determination of common carp population, then 
pectoral fin ray sections have been recommended for fish up to the age of 13 years 
(Phelps et al., 2007). The authors also explained that most ages in common carp 
were overestimated by scales, vertebrae and opercles through age 6 but 
underestimated beyond age 10. Kohli (1989) used pectoral spines for age 
determination in Heteropneustes fossilis (Bloch). Use of fin rays does not require 
sacrificing the fish, and rays can be removed without any apparent harm to the fish 
(Mills and Beamish, 1980). Fin ray armuli are reported to remain prominent for 
older fish when scale armuli are not identifiable (Beamish and Chilton, 1977). Fin 
sections of the fishes (L. rohita, C. catla and C. mrigala) showed distinct opaque 
and translucent bands, which were similar to the annual bands. In many species, 
the spine nucleus may be reabsorbed and replaced by a hole (vascularisation), 
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which may eliminate the first rings (Kohli, 1989; Mc Farlane and King, 2001). If 
first annulus not identified correctly then the fish age will be underestimated 
leading to an overestimation of growth and natural mortality coefficients with 
drastic implications in fish stock management (Leaman and Nagtegaal, 1987). 
A major goal of fishery biologist is fishery management. To construct 
necessary yield models, one needs to know the growth rates of fishes (Ali, 1999). 
The VBGF has been extensively used to describe the growth of fishes. The growth 
parameters of fish may vary regionally or methodologically and also due to the 
differences in size of largest individual sampled, species, sex and age (Goncalves 
et al., 2003). Care should be taken when interpreting growth parameter esfimates, 
as they are strongly affected by the quality and quantity of data available. Failure 
to include larger, older individuals reduces the information on the Loo parameter of 
the Von Bertalanfiy growth equation, while a lack of younger individuals reduces 
the information on the K parameter. Considerable uncertainty can result, which is 
transferred to stock assessments when these growth parameters are used 
(www.ccsbt.org/docs/pdfi'about_the_commission/age_determination_manual.pdf). 
The Von Bertalanffy equation assumes that fish grow towards some theoretical 
maximum length or weight, and the growth rate declines as the fish reaches its 
ultimate length (Beverton and Holt, 1958). The equation is most often used to 
describe changes in size from one year to next year. The estimated asymptotic 
lengths (L^) in L. rohita, C. catla and C. mrigala were 92, 88 and 85 respectively. 
The values of Lt at different ages were calculated for all the three selected fish 
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species (Table 5). In L. rohita, calculated length increased with the increase in age 
and was slightly higher than the observed length. Chatterji et al. (1976) found 
growth rate was more rapid during first four years of life in Labeo bata. Mraz 
(1964) reported an increase of calculated length with the increase in age in the 
round whitefish in Lake Michigan. In C. catla, calculated length of each age group 
(except I and II age group) was higher than observed length. In C. mrigala, a 
progressive decrease in the rate of growth occurred with increase in age. Decrease 
in calculated lengths with increasing age has been attributed to attainment of 
maturity and it is well known fact that most of the growth potential is used for 
gonad building rather than dimensional growth after second year class. Khan and 
Siddiqui (1973) recorded L^ values of 101.5 mm for L. rohita from pond (moat) 
and rivers Ganga and Yamuna. Spare et al. (1992) reported that growth parameters 
differ from species to species and also stock to stock even within the same species 
as a result of different environmental conditions. Growth parameters were 
assumed to represent the general population, irrespective of sex differences in 
growth, which may also introduce bias into the results. Skelton (1993) reports that 
female Hydrocynus vittatus exceed 70 cm (fork length) while males grow to only 
about 50 cm. He also mentioned that growth rate in female Clarias gariepinus 
decreased after about three years, whereas males continued to grow. Dudley 
(1972) and Kapetsky (1974) estimated growth parameters by sex for O. 
andersonnii, O. macrochir and Tilapia rendalli, which indicated growth 
differences between the sexes. 
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In fish, the weight is considered to be function of length (Weatherely 
and Gill, 1987). According to Wooten (1990), if the fish retains the same shape 
and its specific gravity remains unchanged during lifetime, it is growing 
isometrically and the value of exponent b would be exactly 3. In the present 
research the value of b for C. catla and C. mrigala were closer to 3 (the slope for 
an ideal fish) and the fish is considered to be growing isometrically in relation to 
length. In L. rohita the value of b was found to be higher than 3 thereby indicating 
the length-weight relationship did not strictly follow the cube law. It is quite clear 
irom results that weight of Z. rohita increased more than the cube of the length. 
Several researchers have reported higher values of b than 3 in carps, C. catla fi-om 
river Jamuna (Natarajan and Jhingran, 1963); Labeo fimbriatus from river 
Narmada (Bhatnagar, 1972); Labeo bata from river kali (Chatterji et al., 1977) and 
Labeo calbasu from river Godawari (Ramamohana Rao and Hanumantha Rao, 
1972). Chakraborty and Singh (1963) observed that value of b in C. mrigala was 
considerably higher than 3. Jhingran (1952) found the values of b to be slightly 
departed from 3 i.e, 3.15, 3.02 and 3.01 in C. mrigala, C. catla and L. rohita 
respectively. In most fishes of tropical and temperate regions b values have been 
reported to range from 2.7 to 3.3 (Gonzales et al., 2000; Suntos et al., 2002). In the 
present study, the b value estimated from length-weight relationship of L. rohita, 
C. catla and C mrigala lies between the common range values. Beverton & Holt 
(1957) suggested the departure of the b value from 3 is rare m adult fishes. Pathak 
(1975) reported b value of less than 3 for Labeo calbasu from Soni River. Harish 
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Kumar et al. (2006) reported b values less than 3 for the males and females of 
Rasbora daniconius from Kamataka. Mercy et al. (2002) reported b value of 3 04 
for /-". denisonii from Kerala and suggested that values above 3 are possible m 
some conditions such as m farming and other stress free environments 
Morphological changes due to age also cause substantial changes in the exponent 
of length on weight. Tesch (1968) viewed the exponent (n) values of 3, which 
indicates the specific gravity of the tissue remains constant throughout its life for 
an ideal fish. Probably due to this reason, the n value is found to be very close to 3 
in many cases. Hence it is generally called the cube law. However, fish normally 
do not retain same shape of the body throughout their life span and the relationship 
may depart from the cube law. Seasonal fluctuation in environmental parameters, 
physiological condition of the fish at the time of collection, gonad development 
and nutritive condition of the environment of the fishes are the causes for this 
variation (Sinha, 1973; Das, 1982). The overall results indicate that L. rohita, C. 
catla and C. mrigala showed an almost isometric pattern of growth. Results for 
Length-length relationship between total length (TL), fork length (FL) and 
standard length (SL) of each selected fish species indicated that these are highly 
correlated (R > 0.9). Length-length relationships are important in fisheries 
management for comparative growth studies (Moutopoulos & Stergiou 2002). In 
fisheries studies, fish length can often be measured more rapidly and easily than 
mass. The knowledge of the length-weight relationship makes it easier to 
determine the mass where only the length is known. The length-weight (LWR) 
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and length-length (LLR) relationships have been applied for basic uses for 
assessment of fish stocks and populations (Ricker, 1968). Length-length 
relationship had been studied in several fish species such as, Salmo trutta (Arslan 
et al., 2004); Barbus albanicus ; Leuciscus cf svallize and Lepomis gibbosus 
(Bobori et al., 2006); Eutropiichthyes vach (Soomro et al., 2007) and Boops boops 
(Kara and Bayhan, 2008). 
In the present study, condition factor (K) discerned insignificant 
variations with increasing length or weight in C. catla and C. mrigala. The 
condition factor may vary when average weight of the fish is not increasing in 
direct proportion to the cube of its length (Wooten, 1990). Therefore when b = 3, 
K would remain constant. If, however, the weight increases more rapidly than the 
cube of length, K would increase with increasing length. When the weight 
increases less than the cube of length, K would tend to decrease with the growth of 
fish (Javaid and Akram, 1972). C. catla and C. mrigala appear to follow the cube 
law as the value of b of length weight relationship is not significantly different 
from 3 (b for an ideal fish) and therefore K remains almost constant. Zafar et al. 
(2003) reported that condition factor of C. catla remains fairly constant with 
increasing length or weight. In the present research work the value of b is more 
than 3 in L. rohita (b = 3.2267). The value of b more than 3 showed significant 
positive relafionship between K and fish length, indicating that K will increase 
with increasing length (Anderson and Gutreuter, 1983; Cone, 1989). Conversely, 
there is a negative relationship between K and fish length, when the value of b is 
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less than 3, which leads to decrease in K with increasing length (Cone, 1989). It is 
one of the standard practices in fishery ecology that the individual fish species 
conditions determined based on the analysis of length-weight data reflected that 
the heavier fish at a given length is in better condition (Bogler and Connolly. 
1989). The exact relationship between length and weight differs among species of 
fish according to their inherited body shape, and within a species according to the 
condition (robustness) of individuals, sometimes reflected by the food availability 
and growth with in the weeks prior to sampling. Condition is variable and dynamic 
in individual fish within the same sample. An average condition of each 
population varies seasonally and yearly in between the sex, developmental stages 
of the gonad, especially the ovary affect the weight considerably (Weatherly, 
1972; Hile, 1936). The condition factor may be infiuenced by the developmental 
stage of the gonads and by the degree of stomach repletion [Barbieri et al., 1982 ; 
Barbieri, 1989 (as cited in Gomiero and Braga, 2005)]. Thus, it is a good indicator 
of the spavming period and can also indicate changes in population density, 
foraging conditions [Braga, 1986 (as cited in Gomiero and Braga, 2005)], and 
occurrence of seasonality in the environmental conditions [Braga et al., 1985 (as 
cited in Gomiero and Braga, 2005)]. Pollution was also seen to affect the condition 
factors of O. niloticus in lake Mariut, Egypt (Bakhoum, 1994). Undernourished or 
thin fish has a condition factor less than 1. Adequately fed or fat fish has a 
condition factor greater than 1. The K value between 1.40-2.0 represents the 
excellent condition of fish (Bamham and Baxter, 2003). 
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It may be concluded from the present study that scale was the most suitable ageing 
structure in L. rohita and C. mrigala. Opercular bone showed most clear and sharp 
annual rings in C. catla, however, scale may alternately be used as non-destructive 
method of age estimation. The estimated length at different age groups calculated 
by Von Bertalanffy growth ftmction showed increasing trend with age in L. rohita 
and C. catla (except I and II age groups) while in C. mrigala, a progressive 
decrease was noted in the estimated length with increasing age. The study of 
length-weight relationship in selected fish species showed an almost isometric 
pattern of growth in C. catla and C. mrigala, while in L. rohita the value of b was 
found to be higher than 3 indicating that the length-weight relationship did not 
strictly followed the cube law and weight of L. rohita increased more than the 
cube of its length. High degree of correlationship (R > 0.9) was discernible in the 
length-length relationship [between total length (TL), fork length (FL) and 
standard length (SL)] of each selected fish species. Condition factor in the selected 
fishes showed values within the range 1.40-2.0 (in C. catla and C. mrigala) or 
very close to the range (in L. rohita) indicating that the fishes were adequately fed 
and in good condition. 
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SVMMA^ 
SUMMARY 
The present study was undertaken with a view to evaluate and compare age 
estimates from different ageing structures (scale, otolith, vertebrae, opercular bone 
and dorsal fin ray); to fit the age-length data to the Von Bertalanfty growth model; 
and to investigate the length-weight relationship, length-length relationship and 
condition factor in the Indian major carps, Labeo rohita, Catla catla and Cirrhinus 
mrigala. Standard procedures were followed to prepare and study the age 
structures. The age and total length data were used for estimating the parameters 
of Von Bertalanffy growth equation. Body measurements were taken as per the 
standard procedures to study length-weight relationship, length-length relationship 
and condition factor. Results, on the basis of regularity and sharpness of the 
growth marks, indicated scales to be the suitable structure for ageing L. 
rohita, C. catla and C. mrigala. In L. rohita and C. mrigala percent agreement 
between readers' age estimates was highest for scales i.e. 97.1% and 91.7% 
respectively and in C. catla percent agreement was highest for opercular bone 
(93.3%). When scale ages were compared with other alternative structures viz.. 
otolith, opercular bone, vertebral centra and dorsal fin rays, percent agreement was 
found highest between scale and opercular bone age estimates (75.5%) in L. rohita 
and in C. mrigala (94.0%). In case of C. catla highest percent agreement was 
found between opercular bone and otolith (97.1%) age estimates. Scales exhibited 
highest values (P<0.05) of mean age estimates in L. rohita and C. mrigala. 
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Highest mean age values of scales were comparable (P<0.05) to all other 
structures except dorsal fin rays. In C. catla, highest mean age estimates obtained 
fi-om opercular bones were comparable (P<0.05) to all other structures except 
dorsal fin rays. Correlation coefficient of age estimation from different bony parts 
of L. rohita, C. catla and C. mrigala showed that age estimates from all the age 
structures in each fish species, were significantly (P<0.01) correlated with each 
other. Compared to all other structures, ages from otolith were nearly as precise as 
opercular bone in C. catla, and in L. rohita and C. mrigala ages from opercular 
bone were nearly as precise as scale age estimates. Due to highest agreements and 
minimal ageing error, the scales were considered to be the reliable bony structure 
for ageing L. rohita and C. mrigala, and opercular bones in C. catla up to 6 years 
of age. However in C. catla, scales may be recommended as a non-destructive 
method of age estimation because of the values of different parameters for scales 
being very close to otolith and opercular bones. The Von Bertalanffy model 
growth parameters were estimated as L^= 92, k = -0.2162, to = 0.8326 for L. 
rohita; L = 88, k = -0.117, to - 0.5983 for C. catla and L = 85, k = -0.1178, to = 
0.7640 for C. mrigala. hi L. rohita calculated lengths increased with increasing 
age and were slightly higher than the observed length. In C. catla calculated 
lengths were higher than the observed length (except age groups I and II) while in 
C. mrigala calculated lengths were lower than the observed length. The length-
weight relationship equations for the three Indian major carps were Log W = -
5.2877 + 3.2267 Log L (L. rohita); Log W = -5.0046 + 3.0482 Log L (C. catla) 
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and Log W = -4.828 + 3.0104 Log L (C. mrigala). The values of b for C. catla 
and C. mrigala were close to 3 (the slope for an ideal fish), thus the fishes were 
considered to be growing isometrically in relation to length. In L. rohita the value 
of b was found to be higher than 3 indicating that the length-weight relationship 
did not strictly followed the cube law and weight of L. rohita increased more than 
the cube of its length. Results for length-length relationships for selected fish 
species indicated that the values between total length and standard length; fork 
length and total length; and standard length and fork length were highly correlated 
(R^ > 0.9). The mean condition factor of I . rohita (1.57), C. catla (1.33) and C. 
mrigala (1.56) showed that fishes were adequately fed and in good condition. 
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